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millimetre molecular line survey of seven high mass loss rate carbon stars in both the northern and southern
skies. A total of 196 emission lines (47 transitions) from 24 molecular species were detected. The observed CO
emission is used to determine mass-loss rates and the physical structure of the circumstellar envelope, such as
the density and temperature structure, using a detailed radiative transfer analysis. This enables abundances
for the remaining molecular species to be determined. The derived abundances generally vary between the
sources by no more than a factor of ve indicating that circumstellar envelopes around carbon stars with high
mass-loss rates have similar chemical compositions. However, there are some notable exceptions. The most
striking dierence between the abundances are reflecting the spread in the 12C/13C-ratio of about an order
of magnitude between the sample stars, mainly reflecting the results of nucleosynthesis. The abundance of
SiO also shows a variation of more than an order of magnitude between the sources and is on the average
more than an order of magnitude more abundant than predicted from photospheric chemistry in thermal
equilibrium. The over abundance of SiO is consistent with dynamical modelling of the stellar atmosphere
and the inner parts of the wind where a pulsation-driven shock has passed. This scenario is possibly further
substantiated by the relatively low amount of CS present in the envelopes. The chemistry occurring in the
outer envelope is consistent with current photochemical models. Molecular processes { Stars: abundances {
Stars: AGB and post-AGB { Stars: carbon { circumstellar matter
Introduction
The chemistry associated with carbon stars has long been known to be rich and complex in comparison to
the alternative O-rich regime (i.e., where C/O < 1).Thisisinpartduetothefavourablebondingofthecarbonatom, enablinglongch
mass−losingcarbonstar, IRC + 10216.Thissource, whichlieswithin200 pcandpresentsanidealspecimenforthestudyofcarbo
richenvelopes, hasbeenmappedinterferometricallyinvariousmolecularspecies[e.g.][]BiegingTafalla1993, DayalBieging199
testedduetothedifficultiesinobservingthem.Muchworkhasbeendoneonthecarbon−richpost−AGBsourcesCRL618andCRL2
rich star Nymanetal1993.Carbonstarsurveyswhichincludemolecular−linecomparisonsarefewer, andhavebeenlimitedinthen
table* Positions, luminosities, periods and calculated distances of the sample of carbon stars. stellardata
flushleft tabularlllcccccc IRAS No. Other cat. name B1950 Co-ords. P L D T∗ Td Ld/L∗
The survey work presented here purports to be the most complete and consistent molecular-line survey
in AGB carbon stars to date, covering both the northern and the southern sky. Previously unpublished spec-
tra of ve stars (IRAS 15082{4808, IRAS 07454{7112, CIT 6, AFGL 3068 and IRC+40540) are presented,
and spectra taken towards IRC+10216 and IRAS 15194{5115 with the Swedish-ESO Submillimetre Telescope
[SEST;][]Nymanetal1993andIRC + 10216withtheOnsalaSpaceObservatory(OSO)20mtelescopeareusedtosupplementthesur
Up to 51 molecular lines were observed in the sample of 7 high-mass-losing carbon stars, of which 47 were
clearly detected. Mass loss rates, dust properties and the 12CO/13CO-ratio are calculated self-consistently us-
ing a radiative transfer method SchoierOlofsson2000, SchoierOlofsson2001, Schoieretal2002.AnapproachsimilartothatofNyma
Observations obs Carbon star sample
Following the CO survey of Nymanetal1992, severalcarbonstars, whichwerebrightinCOlines, wereselectedforamorecom
−ESOSubmillimetreT elescopeBoothetal1989duringtheperiod1987−−1996, andtheOnsala20mtelescope, in1994.TheSEST,
studiedcarbonstar, IRC + 10216inordertodeterminetherelativecalibrationbetweenthetwotelescopes.
The JCMT public archivehttp://www.jch.hawaii.edu/JACpublic/JCMT/
The coordinates used for each individual source are listed in Table stellardata. Also shown in Ta-
ble stellardata are the adopted luminosities and distances to be used in the molecular excitation analysis.
For stars where a period has been determined (see Table stellardata) the period-luminosity relation from
GroenWhitelock1996 was used to estimate the corresponding luminosity. If a reliable period is not available
the total bolometric luminosity was xed to 9 000L. The distance was then obtained from the luminosity
using the observed bolometric magnitude. SchoierOlofsson2001 used the same approach when determining
the distances to a large sample of optically bright carbon stars and concluded that there were no apparent
systematic eect when comparing with estimates based upon Hipparcos parallaxes, although the scatter is
large and the distance estimate for an individual source is subject to some uncertainty of up to a factor of
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